Occupational human capital and earnings losses of displaced workers: does the degree of similarity between pre-and postdisplacement occupations matter?
Introduction
The costs of job displacement have received considerable attention from policy makers and researchers in previous decades. The recent recession and the resulting dramatic increase in involuntary job losses have increased interest in this issue. Millions of prime-age workers have been displaced, and those fortunate enough to find employment have often suffered substantial reductions in earnings. Studies of the U.S. labor force have indicated that displaced workers suffer a large and persistent loss of earnings (for example, Ruhm 1991; Jacobson et al. 1993; Kletzer and Fairlie 2003) . Ruhm (1991) found that the weekly earnings of displaced workers were 16 % lower than those of non-displaced workers 1 year following the displacement. Four years after displacement, their earnings remained 14 % below their former earnings. Given the large and ongoing losses suffered by displaced workers, it is important to determine the factors affecting the magnitude of earnings losses associated with displacement.
The goal of this paper is to investigate the effect of accumulated human capital, and particularly occupational human capital, on earnings losses. Specifically, to what extent does the similarity between pre-and post-displacement occupations affect the earnings losses of the displaced workers? We hypothesize that the earnings losses associated with displacement are affected by the degree to which occupation-specific skills can be transferred across occupations. Among reemployed workers following displacement, we predict those who switch to a closer (more similar) occupation will suffer smaller earnings losses than those who switch into a dissimilar occupation, as they lose fewer of their occupation-specific skills. Unlike most of the previous studies of job displacement, we use a continuous measure of occupational skills transferability to measure the similarity between pre-and post-displacement occupations of reemployed displaced workers. This paper uses the data from the 2004, 2006, 2008, and 2010 Displaced Worker Survey (DWS) biennial supplement to the Current Population Survey (CPS) to estimate the portion of earnings losses attributable to lack of occupational skills transferability. This dataset contains the retrospective data on both pre-and post-displacement labor market circumstances, including occupations, for a large sample of workers who lost their jobs over the period of [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . The O*NET dataset is used to estimate the measure of occupational similarity applied in the analysis of earnings losses.
The main findings of this paper show that post-displacement earnings losses are highly correlated with the degree of similarity between pre-and post-displacement occupations. Displaced workers who find jobs in occupations similar to their previous jobs, as measured by occupational skills transferability, suffer smaller earnings losses than those who find less similar jobs. For example, displaced workers whose new jobs measure 10 percentage points closer to their previous job on the occupational similarity measure experience approximately 3.6 percentage points fewer earnings losses. In addition, this relationship is non-linear: higher skills transferability reduces earnings losses at a decreasing rate. The further analysis also shows the positive relationship between pre-displacement earnings and the degree of occupational similarity. These findings provide important insight into the determination of earnings losses following job displacement. In particular, from a theoretical perspective, this research contributes to the human capital literature by emphasizing the importance of occupational human capital and the idea that occupational skills are (partially) transferable across occupations.
The structure of this paper is as follows. Section 2 summarizes the literature on the role of human capital, particularly occupational human capital, in earnings losses due to displacement. Section 3 explains the estimation of an index of occupational similarity, and Sect. 4 sets up the methodological framework. Section 5 describes the main dataset and related variables, and Section 6 discusses the descriptive statistics. Section 7 presents the main findings and robustness tests. The last section concludes and discusses some of the implications for future research.
Literature review
In general, a displaced worker is defined as someone who is involuntarily separated from his or her job as a consequence of economic factors and business decisions of employers that are beyond the control of the workers. Those who lose jobs because of individual job performance or who decide to voluntarily quit are not considered displaced workers. Studies of the U.S. labor force generally agree that displaced workers earn less in their post-displacement jobs than their original jobs (for example, Jacobson et al. 1993; Kletzer and Fairlie 2003) ; however, they differ in their estimates of the amount of earnings losses and provide little insight into the sources of earnings losses. The differences in estimates across studies could be due to differences in the data used or the methodology, or the discrepancies could simply reflect unexplained variance in the earnings losses workers experience.
1 1 The empirical studies of earnings losses after job displacement in Europe had also been burgeoning. Overall, the studies also found that displaced workers who experience a period of unemployment suffer the earnings losses (Burda and Mertens 2001; Couch 2001; Hijzen et al. 2010) . For example, Couch (2001) used the German Socioeconomic Panel (GSOEP) from 1988 to 1996 and found that the annual earnings of displaced workers in Germany were 13 % lower 1 year following the displacement. Two years after displacement, their earnings were around 6.5 % below their former earnings. Hijzen et al. (2010) 1 3
Occupational human capital and earnings losses of displaced workers: does the degree of similarity displaced workers who stay in their old industry increase more sharply with pre-displacement tenure and years of labor market experience than among those who switch industries.
There are also several studies that have considered the importance of occupational human capital in explaining earnings losses (Carrington 1990; Kambourov and Manovskii 2009) . For example, Kambourov and Manovskii (2009) 
On average, a currently employed worker who was displaced from a job in the preceding 5 years suffers a 15 % reduction in weekly earnings. However, those who stay in the same occupation after the displacement only suffer a 6 % drop in their weekly earnings, even after controlling for the pre-displacement firm tenure whereas those who switch their occupation experience an 18 % drop. (p. 63) Thus, there is a growing body of evidence that some human capital is specific to occupation and industry. These empirical results are taken as evidence to support the idea that displaced workers who regain employment in the same occupation or industry are more likely to be able to keep using more of their human capital, and so suffer lower earnings losses.
The aforementioned studies usually characterize occupations or industries upon reemployment as either "the same" or "different," generally using a dummy variable and either the 1-, 2-, or 3-digit level industrial or occupational classifications. This approach inherently assumes that workers who could not find a job in their previous occupational or industrial category will lose all of their occupation-or industryspecific skills. However, in reality, at least some skills are likely to be transferred across occupations. For example, an engineer who is displaced from his old job and gets a new job as a clerk should be able to apply some portion of his engineering skills to a clerical job.
The idea of occupational skills transferability was first introduced by Shaw (1984) . She defined the concept of occupational human capital as "individual investment in skills which relate to one particular occupation, and he/she would be able to transfer a certain amount of his/her occupation skills during the occupational switch depending on the 'transferability' between those two occupations" (pp. 320-321). More specifically, Shaw notes that the return to the stock of human capital from the former occupation is not completely foregone upon during an occupational switch. Instead, the return to one's human capital stock depends on the degree of transferability of skills from one occupation to the next. In spite of Shaw's findings and contributions, only a few recent studies, particularly on the job displacement, have started to focus on the importance of skills transferability. For instance, Ormiston (2006) developed an occuThere are many factors in the previous literature that were proposed and tested empirically to explain the earnings losses of displaced workers, including human capital attributable to a job, unionization, job quality match, and local market conditions Carrington 1993; Kletzer 1998) . In this section, we review studies based on the human capital theory, particularly occupational human capital. The idea that human capital is an important determinant of earnings is not new. The human capital model proposed by Becker (1964) categorizes human capital skills into two types. The first type of human capital is "general human capital," which is defined as skills that are productive and completely transferable across different firms and usually measured as years of labor market experience. The second is "firm-specific human capital," which is defined as skills that are productive at only one firm, generally measured as years of work in the current firm, and not transferable across firms. On the one hand, if human capital skills are "general" in the case of being transferable across firms, then the effect of displacement on earnings losses should be minor. On the other hand, if firm-specific skills are important for determining earnings losses, then workers with high levels of firmspecific skills who are displaced from their jobs are likely to experience large earnings losses. Most previous studies find that earnings following job displacement are strongly correlated with pre-displacement years of work experience and job tenure (for example, Podgursky and Swaim 1987; Carrington 1990; Faber 1993) .
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More recent literature on job displacement has started to explore the importance of other dimensions of human capital and to emphasize that workers' earnings likely depend on skills that are not completely general or firm-specific but instead specific to the worker's industry or occupation. Several studies have found that some skills are transferable within but not between industries (for example, Podgursky and Swaim 1987; Carrington 1993; Neal 1995) . In particular, the post-displacement earnings of workers who change industries are lower than those who could find a new job in the same industry. For example, Neal (1995) found that displaced workers who switch between 1-digit industries following displacement, on average, suffer greater wage losses than those who find new jobs in their pre-displacement industry. In addition, the post-displacement wages among applied a matched employer-employee dataset in the U.K. and found that workers who lose their jobs because of a mass layoff, on average, suffer a loss of 14-25 % of their income. 2 Another explanation for why high-tenure workers are more likely than others to experience large earnings losses, in addition to losing firmspecific human capital, is the concept of deferred compensation (delayed payment contracts). In particular, displaced workers' earnings losses will be higher if, in their previous jobs, they had accepted wages below their level of productivity at the beginning in return for higher earnings in the latter part of the career (Lazear 1979 (Lazear , 1981 Hutchens 1989) .
3
K. Nawakitphaitoon, R. Ormiston (2006) develops a method of estimating the occupational skills transferability that directly measures the skill content of jobs. In particular, he estimates the skills transferability based on the knowledge, skills, and abilities (KSAs) shared across occupations. The skills transferability measure is an estimated proportion of occupation-specific human capital that would be transferred from one's origin occupation to one's destination occupation, and it is derived by the computation of a ratio of shared KSAs between two occupations to the KSAs required within the origin occupation. It is a continuous measure bounded between 0 and 1. The dataset used to estimate the skills transferability is the O*NET, the authoritative national database on vocational information coordinated by the United States Department of Labor. In particular, it characterizes 900 different occupations based on the 3-digit Standard Occupational Classification (SOC) code along 120 standardized knowledge, skill, and ability categories (KSAs), which are shown in Appendix Table 9 .
5
Using the KSAs for each occupation, we estimated the skills transferability by calculating the proportion of KSAs that would be transferred from one's origin occupation to one's destination occupation. We did so by computing the ratio of shared KSAs to total KSAs required within the origin occupation. Table 1 provides the knowledge score of an industrial engineer and human resource manager in "Administration and Management," "Engineering and Technology," and "Sales and Marketing" categories. For example, an industrial engineer uses 16.01 points of the administration and management knowledge area, while the human resource manager uses 19.68 points. Within this knowledge category, the two occupations share 16.01 points. While the industrial engineer can apply all 16.01 points of their "Administration and Management" knowledge in his/her role as an HR manager, the HR manager, on the other hand, can apply only a portion of his/her 19.68 points in a role as an industrial engineer, given the smaller requirement of "Administration method, in which the skills transferability from occupation i to j does not have to be equal to that from occupation j to i. Thus, Ormiston's method of skills transferability is preferable in this analysis. 5 The skills transferability across occupations, developed in this paper, is first based on the SOC and then is matched to the 3-digit occupational categories of the 2000 occupational classification system provided in the CPS. While there are some differences between these two systems, we carefully matched these categories with guidance from the CPS codebook supplement in order to prevent the recoding problems.
pational skills transferability index and showed that there is a positive relationship between skills transferability and occupational movement as well as post-displacement earnings among blue-collar workers. 3 In particular, he found that displaced blue-collar workers are more likely to choose a new occupation with high skills transferability. Schönberg and Gathmann (2010) use the repeated cross-section German Qualification and Career Survey to estimate the transferability of three aggregate groups of skills (analytical, manual, and interactive) across 64 occupations in the German labor market. Their results show that workers are more likely to move to occupations with similar skill requirements, and more than 40 % of their wage growth can be attributed to the proportion of these portable skills. In addition, there is an increase in earnings losses for the displaced workers who moved to a distant occupation after a job displacement.
With few exceptions, the important contributions from most previous studies have focused on the role of occupation-specific skills (i.e., skills that would be lost or not be applicable whenever workers change occupations) and neglect the idea that skills could be transferred across occupations. Ignoring skills transferability might result in a misleading estimate of the effect of occupational human capital on earnings losses of displaced workers. This study, therefore, applies Shaw's ideas that skills specific to a given occupation are transferable to similar occupations but have limited transferability to dissimilar occupations and uses the methodology developed in Ormiston (2006) to estimate the skills transferability. In particular, we hypothesize that workers should experience fewer (more) earnings losses when reemployed in occupations that are more (less) similar to their old jobs. The results of this study, therefore, should add assessments of explanations for the displaced workers' earnings losses discussed above.
The estimation of occupational similarity
This paper uses the "occupational skills transferability" proposed by Ormiston (2006) as a measure of similarity between pre-and post-displacement occupations. 4 Ormiston 3 His study mainly focuses on blue-collar occupations that include: transportation and material moving; production; installation, maintenance, and repair; construction and extraction; and farming, fishing, and forestry. 4 Shaw (1984) also developed a measure of occupational skills transferability by examining the occupational movement across years using the Current Population Survey (CPS). However, this method introduces a significant amount of noise due to the occupational coding errors of the CPS (Kambourov and Manovskii 2004) . In addition, it assumes skills transferability to be symmetric, in which the skills transferability from occupation i to j is equal to the skills transferability from occupation j to i. In other words, the direction of the skills transfer is irrelevant. Ormiston's skills transferability, on the other hand, is a non-symmetric Occupational human capital and earnings losses of displaced workers: does the degree of similarity up in a new job, assume some are in occupations that are similar to their pre-displacement occupation, and others are not.
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If these assumptions are true, then the ordinary least square (OLS) regression will provide unbiased and consistent estimators. Equation 1 is the baseline specification for estimating the impact of occupational similarity on earnings losses.
(1) are the measures of occupational similarity indicating the skills transferability between pre-and post-displacement occupations (i.e., from occupation/to occupation c). The success of finding a job similar to the previous occupation after an involuntary job loss is also driven by a lot of other dimensions, such as the individual characteristics, the number of available vacancies in the year of job loss, and the possibility for geographical mobility. To capture some of these aspects, we also include age, gender, marital status, level of education, race, years of tenure at the lost job, 11 year dummies indicating when the job was lost during the 3-year spell, 1-digit occupation and industry dummies of the lost job, 12 a geographical mobility dummy, and work history variables as the control variables (X) (see Appendix Table 10 for a complete summary of all control variables included in the estimation). Studies in this literature also often control for labor market experience using the proxy variable potential experience (age-education-six) since the DWS lacks the measure of an actual year of market experience. However, given the change in the measure of education in the DWS after the 1992 survey from an actual year of education to education level, we opt for using worker age and education level instead. In particular, all else equal, workers with higher ages are likely to obtain more general labor market 9 However, these workers might not represent a random sample of displaced workers because the probability of being displaced may differ across occupations. 10 The real weekly earnings are measured in $2010. Also, since the dependent variable is in the log form, the estimated coefficients could be interpreted as percentage changes in earnings losses due to the job displacement. 11 This variable partially accounts for the fact that some displaced workers have remained in their pre-displacement job longer than others. If we believe that skills accumulate over time and partially transferable across occupations, earnings losses would be higher for workers with high tenure in their pre-displacement job. 12 The choice of the initial occupation may also be relevant because displacement may be explained by initially choosing a "bad" occupation so that the probability of finding a similar occupation after displacement may be lower. Thus, we control for the 1-digit occupation dummies of the lost job in the estimation. The same logic also applies to the choice of the initial industry. and Management" knowledge in the engineering occupation. Using the transferability estimate outlined above, in this example, the transferability of the "Administration and Management" knowledge category from the industrial engineer position to the HR manager position is equal to 1 (16.01/16.01), while the transferability of the "Administration and Management" knowledge category from the HR manager position to the industrial engineer position is equal to 0. 814 (16.01/19.68) .
By summing this score within all 120 categories of KSAs for each pair of occupations, and then averaging the totals, 6 we derived the 467 × 467 occupational skills transferability matrix based on the 2000 U.S. Census 3-digit code.
7 Table 2 provides an example of the occupational skills transferability from HR manager to economist, baker, and sale manager. This suggests that 79.17 % of KSAs used by an HR manager would transfer to the economics profession. On the other hand, only 15.93 % of KSAs would transfer from HR manager to baker. The skills transferability estimated here will be used in the subsequent analysis of occupational human capital and earnings losses following job displacement. 
Methodology
As a first approximation, this paper assumes that workers in the sample were exogenously displaced, and then a subset of them was randomly assigned to new jobs. Of those who end 6 One might have concerns regarding whether averaging KSA categories gives the appropriate weights in cross-occupational comparisons given the presence of a vital KSA in the estimation of occupational skills transferability measure. For example, when thinking about the "medicine and dentistry" knowledge category, this is of utmost importance to surgeons and physicians; without it, no amount of similarity from other KSA categories (e.g., interpersonal communication) means anything. In other words, even if transferability is high, it is relatively useless without high transferability in one specific category. Although it might look suspicious in some particular pairs of occupations, since we still do not know exactly how to appropriately weight each KSA category for each occupational pairing, the overall transferability using the averaging over KSA categories is still applicable. 7 A complete occupational skills transferability matrix is available from the authors. 8 Nawakitphaitoon (2014) applied this measure to examine the role of occupational skill transferability in the determination of worker's wages and found that occupational skills from the previous jobs also affect the worker's wages at the current job. in Eq. 3 would decrease the magnitude of the coefficient on the dichotomous measure (SAMEOCC) as compared to the estimate from Eq. 2. In addition, the adjusted R 2 of Eq. 2 should be lower than that of Eq. 1.
The preceding analysis relies on the two key assumptions laid out at the beginning of this section: (1) workers are exogenously displaced and (2) a random subset of workers is (randomly) assigned to new jobs. If these assumptions do not hold, the magnitudes of the estimated coefficients from the OLS regression might be misleading because of the selection bias. In particular, the sample in this analysis only includes displaced workers who had become reemployed by the time of the survey. Therefore, the estimated relationship between the skills transferability across occupations and earnings losses in this sample may be quite different from the relationship observed in the labor force as a whole, which includes both reemployed and un-reemployed workers. To account for possible selection bias, we use the sample restriction suggested in Neal's (1995) study. The detail of this strategy is discussed along with the results.
Dataset
To examine the effect of the transferability of occupational human capital skills on earnings losses following job displacement, we used the 2004, 2006, 2008, and 2010 Displaced Workers Survey (DWS), 14 which is a supplement to the January Current Population Survey (CPS). The DWS has been widely used in studies of displaced workers because of the comprehensiveness of its questions about the incidence and cost of job displacement. In particular, displaced workers in the DWS are identified based on a question in the CPS that asks, "During the last three calendar years, did you lose a job or leave one because: (1) the plant or company is closed or moved, (2) your position or shift is abolished, or (3) there is insufficient work?"
15 If the answer from the respondent is "yes," they will be asked a series of questions regarding the lost job and current job (if they have been reemployed during the current survey). 16 Since each survey year collects information on job loss that includes 3 years of job displacement prior to the survey date, both surveys 14 The data is publicly available at Center for Economic and Policy Research. 2011. CPS Displaced Worker Uniform Extracts, Version 1.02. Washington, D.C. (http://www.ceprdata.org/cps/dws_prog.php). 15 Prior to 1996, the DWS had a 5-year recall period; besides, there is a slight discontinuity in the definition of displaced worker in the survey from 1984 to 1992 and 1994 to 2004, as earlier surveys failed to inquire whether a person was expecting a recall from his/her lost job. Therefore, this study uses the DWS starting from 2004 to 2010. 16 If more than one job was lost during the pre-displacement period, information was obtained from the job held for the longest time.
experience, which will not be lost during a job change and therefore will help lower their earnings losses. In addition, we include the unemployment rate during the year of the survey across states and a dummy variable indicating the year of displacement as proxies for labor market conditions that could affect the opportunities for displaced workers to find new jobs.
13 ε i is an error term with mean zero and constant variance, and it is assumed to be independent and identically distributed across individuals.
Thus, β 1 and β 2 in Eq. 1 are of central interest, and these are interpreted as the estimated effect of occupational similarity on earnings losses. If the transferability of occupational skills is important for determining the earnings losses, post-displacement earnings should be higher for reemployed workers who find occupations more similar to their old jobs. This means we should expect β 1 to be positive. In addition, even if greater occupational similarity does reduce earnings losses on average, there is reason to expect diminishing returns to similarity. Specifically, workers who find a very dissimilar occupation have more to gain, in terms of post-displacement earnings, by obtaining a slightly more similar occupation than those who have already found a very similar occupation. In other words, the return to one additional unit of skills transferability will be higher for displaced workers who find post-displaced employment in an occupation with a low value of skills transferability (i.e., in a very dissimilar occupation) than those who have already found a closer match. In particular, if the above hypothesis is correct, β 2 should be negative.
Next, we compare the contribution of the skills transferability measure (i.e., a continuous variable bounded between 0 and 1) to the dichotomous occupational change measure commonly used in previous studies of occupational human capital. The dichotomous measure is equal to 1 if an individual changes occupations and 0 otherwise. We hypothesize that the continuous measure of occupational skills transferability will add information to the model and explain more of the variation in earnings losses than the dichotomous measure. To test this hypothesis, we estimate the following regressions:
(2) (3) According to the above hypothesis, one would expect that the inclusion of skills transferability (Transfer i, lc and Transfer
13 Carrington (1993) introduced more diverse measures of local market conditions for pre-displacement occupations and industry markets for workers, and he found that these local market conditions can also explain some of the wage losses encountered by displaced workers. Occupational human capital and earnings losses of displaced workers: does the degree of similarity pre-and post-displacement occupations. We also excluded displaced workers who served in the military or were selfemployed for either pre-or post-displacement jobs. 20 Our final sample, therefore, consists of 6827 individuals.
Descriptive statistics
Appendix Table 10 presents the summary statistics of the variables used in this analysis for the sample pooling across the 2004-2010 surveys. The first row of Appendix Table 10 shows the mean changes in real weekly earnings (in $2010) between pre-and post-displacement jobs. On average, displaced workers earned 0.21 percentage points less when reemployed than in their pre-displacement job. The 0.21 percentage points translate to around a $121 loss in weekly earnings. The typical employee had worked for their former employer for 5 years, and 90 % of the workers in the sample worked full-time at the lost job. A majority of workers in this sample were white and relatively old (around 40 years old). 58 % of the sample received health insurance from their former employer; 43 % qualified for unemployment insurance benefits.
Our sample excludes around 75 % of displaced workers from the full sample in the DWS because they did not supply data on the key variables, Appendix Table 11 , therefore, presents descriptive statistics of these displaced workers compared to those of the full sample of displaced workers in the DWS. Overall, the workers in our sample did not differ greatly from the full sample. For example, the average weekly earnings at the current job of those in the displaced workers sample were slightly higher than those in the full sample (i.e., $685.01 vs. $677.47), and the differences in gender, race, and age were quite small between the two samples. The results of this comparison are reported in Appendix Table 11 . Table 3 presents the proportion of reemployed workers who were displaced between 1991 and 2009 and found a different (3-digit) occupation from the previous job. Most displaced workers who were reemployed at the survey date (from 1994 to 2010) could not find the same 3-digit occupations in reemployment. Close to 70 % of the reemployed workers ended up working in different occupations from their old jobs.
Next, Fig. 1 displays the distribution of occupational skills transferability among reemployed displaced workers. In particular, it shows that there is substantial variation in skills transferability. The average skills transferability is One disadvantage of this dataset is that it is cross-sectional, which means that all pre-displacement job information is gathered through retrospective questions in the DWS. Retrospective data is subject to "recall bias." For the DWS, displaced workers are asked to recall job history information over the past 3 years. This raises concerns that respondents may either understate or overstate the effects of job displacement.
17 Another concern about the use of the survey-based data sets, including the DWS, is that they do not commonly allow the construction of an appropriate comparison group of non-displaced workers to estimate the counterfactual wage development for displaced workers, resulting in the underestimation of earnings losses of displaced workers (Jacobson et al. 1993) . 18 However, a major advantage of this dataset, particularly when compared to other datasets such as the National Longitudinal Survey of Youth (NLSY) or the Panel Study of Income Dynamics (PSID), is that it is a very large dataset drawn from a random sample of over 60,000 households. It is weighted to be representative of the U.S. population, and the measures in the dataset are straightforward (Kletzer 1998) . In addition, the 3-year interval of information collected on job displacement in the DWS also provides the data to determine variations in the amount of time since displacement at the time of interview (Carrington 1990) .
The DWS provides pre-and post-displacement 3-digit U.S. census occupation codes and weekly earnings that we used in the regression analysis. Specifically, the pre-and postdisplacement 3-digit occupations are compared to attach the value of skills transferability. The sample in this analysis includes individuals who are between the ages of 20 and 62 who were reemployed at the time of the survey.
19 There were 27,540 workers displaced between 2001 and 2009. Of those displaced workers, 20,713 were excluded from this sample because they were not reemployed by the time of survey, or they did not supply data on the key variables such as 17 For a more careful discussion about the recall bias of DWS, see Evans and Leighton (1995) and Kletzer (1998) . 18 Previous literature also suggests that the measurement point of earnings is decisive for the calculation of the earnings losses (Jacobson et al. 1993 ). In particular, if one attributes the pre-separation earnings losses to the displacement, then calculating the earnings losses associated with displacement as the difference in earnings in the year prior to displacement and the earnings after displacement would lead to an underestimation of earnings losses. Because of the limitations of the DWS, this study restricts the analysis to the post-displacement losses of displaced workers and compares earnings prior to separation to earnings once the workers are reemployed. 19 The typical reason to exclude workers above age 62 is because these workers will, in general, be qualified for social security retirement payments and therefore might encounter the different set of constraints in the labor marker than the younger workers (Podgursky and Swaim 1987) .
In particular, displaced workers with a college or advanced college degree are likely to switch to more similar occupations, while the less-than high school or high school workers are likely to switch to less similar occupations. Note that the skills transferability and state unemployment rate are positively correlated. This descriptive evidence is inconsistent with the previous literature that found workers who lose their jobs during economic downturns face more difficulties to find new jobs in their pre-displacement occupations.
To determine the relationship between earnings losses and the similarity between pre-and post-displacement occupations, measured by skills transferability, Fig. 2 presents the average changes in the natural logarithm of real weekly earnings (in $2010) by the level of skills transferability. Although the mean loss resulting from job displacement for the full sample is approximately 21 %, Fig. 2 shows that there is a wide dispersion across different levels of skills transferability. It indicates a positive relationship between occupational skills transferability (in the 3-digit level) and the decline of earnings losses. In particular, it shows that higher skills transferability from the previous occupation to the new occupation can help reduce earnings losses due to job displacement. For example, at a skills transferability level between 0.2 and 0.3 points, the average earnings losses were approximately 26 %; at skills transferability between 0.3 and 0.4, they were around 21 %. In addition, Fig. 2 illustrates that as the skills transferability increased, the slope of earnings losses became flatter, illustrating the possibility of a non-linear relationship between skills transferability and earnings losses. In other words, the earnings losses are not sensitive to occupational similarity when moving among around 75 %, which means that displaced workers, on average, found a job to which they could transfer 75 % of their previous occupational skills. Table 4 presents the correlation between the skills transferability and other key variables. For example, the skills transferability is positively correlated with the earnings differences after displacement as well as with the pre-displacement earnings. This implies that not only do earnings differences increase with the degree of occupational similarity, but the pre-displacement earnings also increase with the occupational similarity as well. In addition, the skills transferability has a positive correlation with the education level. In column (2), we substitute the skills transferability (Transfer i, lc )-the continuous measure of occupational human capital, which ranges from 0 to 1-for the dummy variable of switching occupations (SAMEOCC) to ascertain the effect of the skills transferability across occupations. There is a very strong association between occupational skills transferability and earnings losses. In particular, if skills transferability increases by 10 percentage points, on average, it reduces real weekly earnings losses by 3.6 percentage points, holding other factors fixed, and the estimated coefficient is statistically significant at the 1 % level. Also, the magnitude of the coefficient of switching industries is reduced to 6.4 percentage points. Thus, this finding indicates a positive and strong relationship between the decline of earnings losses and occupational matches after job displacement, consistent with Schönberg and Gathmann's (2010) finding. For example, consider the estimated earnings losses of two displaced workers, both of whom worked as HR managers. One finds a new job as a sales manager, and the other becomes a baker. The skills transferability from the HR manager position to the sales manager position is equal to 0.8661 (86.61 % of the HR skills transferred to the sales manager position), and the skills transferability from the HR manager position to the baker occupation is equal to 0.1593 (15.93 % of the HR skills transferred to the baker occupation). According to these estimates, the expected earnings loss due to the loss of skills transferability of the worker who was displaced from the HR manager and reemployed as the sales manager was lower than the expected earnings loss of the other, who switched from the HR manager position to the baker occupation, by 28.0 percentage points.
In addition to the effect of occupational skills transferability, there is also a strong relationship between pre-displacement work history and subsequent earnings losses. For 22 The R 2 and estimated coefficients of other variables in the model are also consistent with the previous studies. more-or-less similar jobs. Thus, Fig. 2 provides descriptive evidence to support the hypotheses outlined above, and they motivate the idea of assessing the importance of occupational human capital and inter-occupational variation as a determinant of earnings losses as a result of job displacement.
Estimation results

OLS regression results
While Fig. 2 suggests that the ability to transfer occupational skills to a new job can reduce earnings losses following job displacement, the relationship may change when we control for observable characteristics. The empirical results from the OLS regression shown in Table 5 highlight the effects of key independent variables on earnings losses of displaced workers. The parameter of interest is the coefficient on the transferability of occupational human capital (Transfer i, lc ).
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Column (1) of Table 5 is the standard model of occupational human capital and earnings losses, and it is similar to those used by prior studies. In this model, occupational human capital is captured by a dichotomous variable indicating whether the displaced worker remained in the same 3-digit occupation (SAMEOCC). This estimated coefficient represents the effect of occupation-specific human capital on earnings losses if workers lose all occupation-specific skills when they are displaced and reemployed in a new occupation. Consistent with the previous studies, the regression result presents that, on average, staying in the same 3-digit Fig. 2 The average change in ln (real weekly earnings) by level of occupational skills transferability between pre-and post-displacement occupations workers. The earnings losses of displaced workers who collected unemployment insurance benefits were significantly greater than those who did not collect the benefit by 4.50 percentage points, all else equal. Also, displaced workers whose UI benefit had already been exhausted suffered greater earnings losses than those whose benefit was still available. The estimated coefficient of the state unemployment rate is very small and statistically insignificant at the 5 % level. This implies there is no strong evidence to support that local market conditions can explain some of the earnings losses encountered by displaced workers. One plausible explanation is that state unemployment is not sufficient to explain the local labor market condition, and other measures are more relevant. For example, Carrington (1993) applied several measures that closely control for the example, the coefficient of firm tenure at the lost job is negative and statistically significant. This highlights the importance of specialized skills that accumulate over time within a firm and are lost when changing jobs. Specifically, two additional years of tenure at a previous firm, on average, increased earnings losses by 1.60 percentage points, holding other variables fixed. This finding is consistent with other studies of the importance of firm-specific human capital that have found that workers will lose all the skills specific to a particular firm when they change to a new employer (Podgursky and Swaim 1987; Carrington 1990; .
The coefficient on individual workers' union membership at a pre-displacement job is negative and statistically significant at the 1 % level, indicating that unionized workers suffer larger earnings losses than the nonunionized 0.0845 0.0850 0.0849 t-Statistics are in the parentheses. Not included as independent variables are 10 major occupation dummies, 10 major industry dummies, marital status, US citizen dummy, race dummies (i.e., black, white, Hispanic), dummy of geographic moves, unemployment rate at year of survey across state, year of displacement, and four education levels 1 3
Occupational human capital and earnings losses of displaced workers: does the degree of similarity significant at the 5 % level. Compared with the standard model in column (1), the adjusted R 2 increases from 7.78 to 8.49 % in column (4), indicating that skills transferability captures a slightly greater variation in earnings losses than the dummy variable of switching occupations. The F-test for the significance of both linear and quadratic forms of skills transferability also indicates that these two variables are highly jointly significant (F = 10.34, p < 0.0001), which implies that both forms of skills transferability add information to the model. This finding confirms the above hypothesis that skills transferability across occupations is a better measure of occupational human capital than the dummy variable of switching occupations. In other words, the effect of the dummy variable is captured by the skills transferability so that measuring the occupational human capital in terms of the degree of similarity between two occupations is more important than whether or not workers can find the same occupations as their previous jobs. 24 As suggested by an anonymous referee, we also estimate an additional specification similar to those in columns (2) and (3) in Table 5 , except we exclude the dummies for major occupations and industries as well as a dummy for remaining in the same 3-digit industry from the analysis. Overall, the results changed only slightly compared with when we included those dummy variables. For example, the coefficient of skills transferability (Transfer i, lc ) is 0.004 without those dummy variables, compared with 0.0036 with those dummy variables. In addition, including these sets of dummies increased the adjusted R 2 of the model from 8.17 to 8.45 %.
status of the industrial, occupational, and geographical labor market from which the workers were displaced, including the employment in state by one-digit occupation and industry, and he found that these local labor market measures can also explain some of the wage losses encountered by displaced workers.
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The coefficients of the remaining independent variables have the expected signs. For example, displaced workers working full time at the lost job were more likely to suffer a greater decline in earnings by 31.40 percentage points relative to what they earned before they were displaced. The earnings losses of workers who were informed in advance about their job displacement were not statistically significant from those who were not informed in advance. Also, as mentioned above, we use age (and age 2 ) together with the education level as a proxy for the number of years of market experience. The coefficients of both age and age 2 are statistically significant at the 5 % level, which implies that the number of years of general market experience, on average, helps lower the earnings losses.
As indicated in Fig. 2 , the relationship between the occupational skills transferability and earnings losses might not be linear. Column (3), therefore, represents the results from Eq. 4, which includes the quadratic form of skills transferability (Transfer
). The results show that both linear and quadratic terms of skills transferability are individually statistically significant at the 5 % level. The F-test for the significance of both linear and quadratic forms of skills transferability indicates that these two variables are highly jointly significant (F = 15.84, p < 0.0001). In addition, the quadratic term has a negative value, implying that skills transferability reduces earnings losses at a decreasing rate. Compared with column (1), replacing the occupational change dummy with the skills transferability variables improves the prediction power of the model (R 2 ) from 7.80 to 8.50 %. However, most of other control variables are slightly affected by this replacement. For example, the estimated coefficient of switching 3-digit industries is lowered from 0.083 to 0.072. Following Eq. 3, column (4) includes both types of measures of occupational human capital (i.e., Transfer i, lc , Transfer
and SAMEOCC). The results show that when skills transferability (Transfer i, lc and Transfer
) is included in the model together with the dummy variable indicating switching occupations (SAMEOCC), the coefficient of SAMEOCC drops from 0.105 to − 0.004 and becomes statistically insignificant at the 5 % level, while the magnitude of each coefficient of skills transferability is still large and statistically 23 As a robustness test, we also ran a separate regression using the sample during the recession periods between 2008 and 2010, and the results in general look quite similar to those in the full sample. In particular, the estimated coefficient of state unemployment is still statistically insignificant at the 5 % level. 
Further analysis
According to the correlation (Table 4) , we can see that occupational skills transferability has a positive correlation with the pre-displacement earnings. Table 8 , therefore, provides further analysis of the OLS regression highlighting the effects of occupational similarity on the pre-displacement earnings. Column (1) shows that, on average, displaced workers staying in the same 3-digit occupation or industry have higher pre-displacement earnings, holding other factors constant. The estimated coefficient of skills transferAs a robustness check, Table 6 presents the estimated coefficients of occupational human capital measures, similar to columns (1) to (3) in Table 5 , based on the 2-and 1-digit occupation levels. Overall, the results look very similar to those in the 3-digit level. For example, staying in the same 2-digit occupation lowers earnings losses by 12.40 percentage points, all else equal, while staying in the same 2-digit industry also lowers earnings losses by 8.15 percentage points, all else equal. The estimated coefficients of linear and quadratic terms of skills transferability, based on the 2-digit occupation, are also statistically significant at the 5 % level. Note that the 1-digit estimated coefficients of linear and quadratic terms of skills transferability (Transfer i, lc and Transfer
) are individually statistically insignificant at the 5 % level. However, the F-test for the significance of both linear and quadratic forms of skills transferability indicates that these two variables are highly jointly significant (F = 25.74, p < 0.0001).
Selection bias correction
The results from the previous section present a strong relationship between earnings losses due to job displacement and occupational similarity as measured by skills transferability. However, as mentioned earlier, OLS estimates may be subject to selection bias because the process of reemployment is not random. The relationship between skills transferability and earnings losses in a sample of displaced workers who are reemployed at the survey date might be quite different from the relationship observed in the labor force as a whole. For example, those who were not reemployed may have had different unobserved characteristics affecting their earnings from those of reemployed group. If this is the case, the OLS method could produce biased and inconsistent estimates.
One way to reduce the source of selection bias is to restrict the sample to workers who were displaced at least 1 year before the survey date because those workers displaced in the most recent years are less likely to be reemployed and hence report their weekly earnings (Neal 1995) . Table 7 presents the OLS results for this group of workers. Even though this restriction lowered the sample size by approximately 37 %, the estimated transferability effect is very similar to those reported in Table 5 . For example, column (2) shows that increasing the skills transferability by 10 percentage points, on average, lowers earnings losses by 3.8 percentage points, all else equal.
Thus, the results corrected for selection bias also support the hypothesis that displaced workers are compensated for occupation-specific skills, and workers who find occupations that are more similar to their pre-displacement jobs will suffer less earnings losses than those who find dissimilar occupations, thus confirming the importance of occupational human capital as a major determinant of earnings losses. 0.0969 0.0976 0.0974 t-Statistics are in the parentheses. Independent variables not presented are 10 major occupation dummies, 10 major industry dummies, marital status, U.S. citizen dummy, race dummies (i.e., black, white, Hispanic), dummy of geographic moves, unemployment rate at year of survey across state, year of displacement, and four education levels 1 3
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) are individually statistically insignificant at the 5 % level (see column (3)). However, the F-test for the significance of both linear and quadratic forms of skills transferability indicates that these two variables are highly jointly significant (F = 33.58, p < 0.0001) . These results, therefore, imply that displaced workers who have been successful in their previous job more frequently manage to find another job that is close to their previous occupational demands and, therefore, suffer less earnings losses.
Conclusions and implications for future research
This paper highlights the role of occupational human capital in determining the earnings losses after job displacement; in particular, the degree to which occupation-specific skills are transferable across occupations depends on the similarity between two given occupations. The key finding of this paper is that occupational human capital, and more specifically skills transferability between occupations, is an important determinant of changes in weekly earnings following displacement. In particular, the ordinary least square (OLS) estimates present that, on average, 10 additional units of skills transferability between pre-and postdisplacement occupations lowers earning losses by 3.6 percentage points ceteris paribus. It implies that the degree of similarity between pre-and post-displacement occupations has a strong effect on how displaced workers will suffer from earnings losses both in terms of significance and the magnitude of the effect. This goes beyond the usual finding from most of the previous studies using the dichotomous "change-in-occupation" variable. In addition, the relationship between occupational skills transferability and earnings losses are not linear: a higher degree of skills transferability lowers earnings losses, but the decline attenuates as skills transferability increases. Moreover, the results from the further analysis show a strong and positive relationship between the degree of occupational similarity and the predisplacement earnings.
However, one of the limitations from this study comes from the fact that the ability of job losers is not so random and is likely to be correlated with the (unconditional) change in earnings. In particular, it may be that a worker who is relatively good at his job (i.e., the tasks associated with the job) will be more likely to find a job similar to his previous occupation and to earn more. In contrast, a worker who is not good at his job (and the tasks associated with the job) will be less likely to find a similar job to his previous occupation. Thus, the worker will earn less partly because he could not apply some skills in the new job. The selection bias correction model may only solve the endogeneity problem of reemployment, but not the one of displacement. Thus, perhaps the more appropriate conclusion of the study ability in column (2) shows a very strong linear association between occupational skills transferability and pre-displacement earnings. In particular, if skills transferability increases by 10 percentage points, on average, the predisplacement earnings are higher by around 2.0 %, holding other factors fixed. Note that there is no statistical evidence of a non-linear relationship between the skills transferability and pre-displacement earnings, since both linear and quadratic forms of skills transferability (Transfer i, lc and Trans- would be among the re-employed displaced workers, those who find an occupation more similar to the lost job, suffer the smaller earnings losses because (1) they can use their specific skills in the new job, (2) they had more of the specific skills (and that is why they found a more similar job), (3) they were better at the types of skills in the similar job. Unfortunately, we cannot distinguish these views based on the DWS.
While not without limitation, the findings in this paper still significantly enhance our understanding of the importance of occupational human capital, particularly skills transferability in earnings losses determination. This paper's findings on earnings losses due to job displacement have important implications for researchers, policy makers, and the public. For future research, it sheds light on the role of occupational human capital in determining earnings losses after job displacement. In fact, the results show that displaced workers also receive compensation that is not completely general or specific to a particular firm, but rather specific to occupation. The findings from this paper highlight the importance of occupational specific human capital in the employment relationship; losing these types of skills might result in substantial losses to the displaced worker's earnings. In addition, previous research on this topic used a dummy variable indicating whether displaced workers remained in the same occupation as their pre-displacement job and ignored the fact that occupational skills could be (partially) transferable across occupations. However, using the continuous variable of skills transferability, the results from this paper indicate that if displaced workers could find occupations that are very similar, if not exactly the same, as their old jobs, they could transfer most of their previous occupational skills to the new job and their earnings losses would be reduced. Moreover, the findings present that the measure of skills transferability is a better measure of occupational human capital than the dummy variable of switching occupations. Thus, those performing future research regarding occupational human capital should consider applying this measure to other outcome variables as well. For example, this paper only examines the effect of occupational skill transferability on the loss of earnings between pre-and post-displacement occupations and does not consider the effect on other types of benefits. Thus, it might be interesting for future research to investigate the effect of occupational human capital, especially the skills transferability, on total compensation, which also includes other benefits such as health insurance and pension (Podgursky and Swaim 1987) .
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